The complex trans -[Pd (COOCH 3 (II) have been obtained by re-crystallization of I in methanol. The structure of the complex has been determined by X-ray analysis. It shows a slightly distorted square planar conformation around the central palladium. The coordinated water molecule and the clathrated methanol form a contact with the uncoordinated TsO ( anion, suggesting hydrogen bond interaction. Since I is a possible intermediate in the catalytic hydroesterification of olefins, its catalytic activity in the hydroesterification of ethylene has been tested at 100 8C under 45 atm of a 1/1 mixture of ethylene and CO in methanol as solvent, also in the presence of PPh 3 and TsOH. Without addition of PPh 3 and TsOH, I affords to traces of methylpropionate together with Pd(0) complexes and Pd metal. The same results are obtained when complex I is tested in the presence of PPh 3 , except that in this case formation of palladium metal is avoided. Using the system I/PPh 3 /TsOH 0/1/6/8, a TOF (mol of ester/mol Pd+h) of 1800 h
Introduction
Pd(II) Á/phosphine complexes in which the cationic charge is balanced by weakly coordinating anions, such as TsO ( , have been successfully employed as catalyst precursor in the carbonylation of olefins [1 Á/3] . It is widely accepted that in such reactions the catalytic cycle starts from the insertion of the olefin into a Pd Á/hydride or into a Pd Á/carboalkoxy species: [PdÃCOÃOR] ' 'CH 3 CH 2 COOR (2)
The Pd(II) Á/hydride species forms from the precursor and a hydrogen source such as an acid, water or hydrogen, while the Pd Á/carboalkoxy species forms by interaction of a Pd Á/carbonyl species with the alkanol [3 Á/9]:
In a previous paper we used the preformed [Pd(TsO) 2 (PPh 3 ) 2 ] complex as catalyst precursor for the hydroesterification of ethylene and the role of the addition of TsOH and PPh 3 was discussed [3] . Such a precursor was inactive without addition of both PPh 3 and TsOH whereas using the [Pd(TsO) 2 (PPh 3 )]/PPh 3 / TsOH 0/1/6/8 system, under 45 atm of a 1/1 CO Á/ ethylene mixture and at 100 8C, a TOF (mol of ester/ mol Pd+h) of approximately 1900 h (1 was obtained. In addition, we found that the catalyst activity was influenced by the presence of water which can promote or depress the reaction [3] . Palladium complexes are also able to catalyze the WGSR via formation of Pd(II) Á/ hydride intermediate. In such a reaction coordination of water to the Pd-center has been proposed [10, 11] . On the basis of these results we proposed that a Pd Á/hydride species plays a major role in the catalysis.
In this paper we report the synthesis and the characterization of trans -[Pd(COOCH 3 )(H 2 O)(PPh 3 ) 2 ]-(TsO) (I) complex and the X-ray structure of I with a clathrated methanol molecule. To our knowledge, Pd Á/ carboalkoxy species having weakly coordinating anions have not yet reported in literature and although several monoaquo cationic transition-metal complexes are known, there have been very few palladium aquocomplexes reported [12 Á/15] .
In addition, since a Pd Á/carboalkoxy species may be involved in the catalytic cycle we tested the catalytic activity of I in the hydroesterification of ethylene.
Experimental

Materials
Methanol (purity /99.5%, 0.05% of water), CD 3 OD 3 and n -pentane were purchased from Baker; Pd(OAc) 2 , TsOH and PPh 3 were Aldrich products. These products and the solvents were used without purification. The complex trans -[Pd(COOCH 3 )Cl(PPh 3 ) 2 ] was prepared as described in literature [9] . Carbon monoxide and ethylene were supplied by SIAD Company ('research grade', purity /99.9%).
General procedure
The IR spectra were recorded in nujol mull on a Nicolet FTIR instruments mod. Nexus.
1 H and 31 P NMR spectra were recorded on a Bruker AMX 300 spectrometer equipped with a BB multinuclear probe operating in the FT mode at 300 and 121.442 MHz for 1 H and 31 P, respectively. All samples examined were dissolved in deuterated methanol (CD 3 OD) used also as internal reference for the assignment of the chemical shifts.
Products of the hydroesterification reaction were analyzed by GC on a HP 5890 series II apparatus equipped with a 30 m )/0.53 mm )/0.1 mm HP 5 column.
Synthesis of I and of its methanol clathrated II
AgTsO
is slowly added to trans -[Pd(COOCH 3 )Cl(PPh 3 ) 2 ] (0.1 mmol) suspended in 2 ml of methanol. The solution is stirred for a few minutes at 15 8C till complete precipitation of AgCl and then quickly filtered using a micro-filter system. By dropping directly the solution into 50 ml of cold water (15 8C), under vigorous stirring, complex I precipitates as a white solid which is separated by filtration, washed with cold water, n-pentane and dried under vacuum (yield 80%).
The solid product was separated by filtration, washed with water/n-pentane and ether and dried under vacuum (yield higher than 70%). It was identified by elemental analysis, IR and NMR spectroscopy. By re-crystallization of complex I from methanol/water (4/1, v/v) at (/10 8C, after several days, crystals of the methanol clathrated of complex I, suitable for X-ray diffraction studies, were obtained.
Hydroesterification of ethylene in methanol, employing I as catalyst precursor
All the experiments were carried out in a stainless steel autoclave of approximately 250 ml of capacity, provided with a self-aspirating turbine. In order to prevent contamination by metallic species, due to corrosion of the internal surface of the autoclave, the reagents were added in a approximately 150 ml Pyrex glass beaker placed into the autoclave. Carbon monoxide Á/ethylene mixture (1/1) was supplied from a gas reservoir (260 ml) connected to the autoclave through a constant pressure regulator. The autoclave was provided with a temperature control (9/0.5 8C).
The catalytic activity of complex I was tested as follows. Complex I (0.1 mmol) was dissolved in 50 ml of methanol. The autoclave was pressurized (P tot B/5 atm) at room temperature with a mixture of carbon monoxide and ethylene (1/1). The autoclave was then heated to the working temperature (100 8C) while stirring. At this temperature the pressure in the autoclave was adjusted at 45 atm and maintained constant by a pressure regulator connected to the gas reservoir throughout the experiment (2 h). The gas consumption was monitored by following the pressure drop in the reservoir. The autoclave was then cooled to room temperature and vented. The content of the glass bottle was analyzed by GC analysis. Complex I was tested also (i) in combination of PPh 3 and (ii) in combination of PPh 3 and TsOH.
All experiments were carried out in the presence of 800 ppm of water in order to compare the reactivity of I with the reactivity of [Pd(TsO) 2 [17] ; drawings were produced using ORTEP II [18] .
Results and discussion
Synthesis and characterization of complex I and complex II
The synthesis of complex I was carried out by reacting trans -[Pd(COOCH 3 )Cl(PPh 3 ) 2 ] with AgTsO in methanol:
By dropping the pale yellow solution in water at 15 8C complex I precipitates as a white solid.
The elemental analysis and the characterizing IR and NMR data are reported in The X-ray structure of methanol clathrated complex II is shown in Fig. 1 together with the atom labeling. The most relevant structural parameters are reported in Table 2 .
It consists of monomeric palladium cations and TsO 
Catalytic tests of complex I
The catalytic activity of complex I in the hydroesterification of ethylene has been checked as described in Section 2. Table 3 shows the results obtained carrying out the hydroesterification of ethylene using I as catalyst precursor in the presence of different amounts of PPh 3 and TsOH.
By reacting complex I in methanol without adding PPh 3 and TsOH, methylpropionate forms in less than stoichiometric amount with respect to complex I, which decomposes to Pd(0) species, such as [Pd(CO)(PPh 3 ) 3 ]
and [Pd 3 (CO) 3 (PPh 3 ) 3 ], and palladium metal (entry 1) [27, 28] .
The same results are obtained when complex I is tested in the presence of PPh 3 (entry 2). In this case the formation of palladium metal is avoided and the precursor is reduced to [Pd(CO)(PPh 3 ) 3 ].
Reduction can take place through the reaction scheme: (6)), which forms a Pd Á/hydride species via Reaction (7) [29] . Under the reaction conditions, the Pd Á/hydride species is unstable and decomposes to a Pd(0) species (Reaction (8)), which is inactive in the carbonylation of ethylene.
In addition, complex I may decompose to Pd(0) also via interaction of H 2 O and CO on the metal center:
The alternative pathway to reduce the complex I to a Pd(0) complex with formation of dimethyl carbonate (Reaction (10)) [30, 31] can be excluded because the carbonate has not been detected by the GC analysis.
No significant catalytic activity is observed when complex I is tested in the presence of TsOH (TsOH/ Pd 0/8/1: entry 3).
Instead, when complex I is used in the presence of both PPh 3 [3] . The acid prevents the reduction to unactive Pd(0) species or reoxidized these species:
Moreover, it is known [9] that in the presence of an acid the formation of Pd Á/alkoxy species is not favored:
These results suggest that complex I plays only a minor role in catalysis and that catalysis occurs via a Pd Á/H species according to the reaction scheme (1). Run conditions: I0 0.1 mmol, methanol0 50 ml, H 2 O0 800 ppm, T0 100 8C, P0 45 atm (CO/ethylene0 1/1), stirrer speed0 700 rpm, reaction time 0 2 h.
Supplementary material
